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Abstract
Cystic fibrosis (CF) is a life-shortening genetic disease, affecting multiple life domains including physical
activity (PA). Although higher PA levels are associated with multiple health benefits, little insight exists on
the PA level of people with CF (PwCF) compared to healthy peers. Evidence on the influencing factors
(i.e. correlates) of PA in this clinical population is scarce, but essential to fully understand their PA
behaviour. Therefore, the present review aims to provide an overview of the PA level of PwCF compared
to healthy peers, and the correlates of PA in PwCF. A systematic search of three databases resulted in 46
included studies. Analysis of 16 studies showed that the CF population is equally active compared to
healthy peers, but there is a trend towards less high-intensity PA in youths with CF. Furthermore, PA is
positively associated with quality of life, lung function, (maximal) exercise capacity, bone mineral density
and quadriceps force. Also, PA was lower on weekdays compared to weekend days and lower when
experiencing pulmonary exacerbations. More high-quality research is required in PwCF, particularly
longitudinal studies that further explore the correlates of PA, with PA investigated as a primary outcome
and measured objectively.

Introduction
Cystic fibrosis (CF) is a life-shortening hereditary multisystem disease affecting approximately one in 2000
to 3000 newborns in Europe. It is characterized by progressive lung disease, pancreatic dysfunction,
elevated sweat electrolytes and male infertility [1]. Excessive viscous secretions in the lungs cause
respiratory dysfunction and progressive lung function decline due to recurring infections, inflammation and
airflow obstruction [2]. The disease manifests in many organs, which leads to various symptoms such as
coughing and wheezing, abdominal pain, constipation, salty skin, lack of energy and muscle and joint pain
[3, 4]. With the progression of the disease, symptom management requires increasing time and effort,
resulting in a high therapeutic burden for the patients and their families [5]. This high therapeutic burden,
together with the overall impact of the disease on people with CF (PwCF) may negatively influence their
physical activity (PA) [6].

PA is defined as any bodily movement produced by the contraction of skeletal muscles resulting in a
substantial increase in caloric requirements over resting energy expenditure [7]. There is overwhelming
evidence on the short-term health benefits (e.g. higher energy levels, improved concentration and
emotional well-being) and the long-term advantages (e.g. primary and secondary prevention of several
chronic diseases and mortality) of regular PA in the healthy population [8–11].
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On top of these benefits, research has suggested that there are specific health benefits for PwCF. Higher
PA levels have been associated with a slower lung function decline, reduced hospitalisation, improved
quality of life (QoL), nutritional status, and improved prognosis in both children and adults with CF [12–14].
Additionally, higher PA intensities, i.e. moderate-to-vigorous PA (MVPA) and vigorous PA (VPA), are
more consistently associated with health indicators than lower intensities, i.e. light PA (LPA).
Consequently, these higher intensities have an important long-term protective effect on health [15, 16]. In
several adult populations with respiratory illness, decreased PA was shown to be a predisposing factor of
greater incidence of cardiovascular disease, obesity, diabetes, cancer, dementia and physical disability [17].

The World Health Organization (WHO) published new PA guidelines in 2020, with only a limited section
dedicated to populations with chronic illness in general and, to date, no CF-specific PA guidelines exist
[18, 19]. Despite the WHO guidelines and the well-known benefits of regular PA, the majority of both
healthy and clinical populations do not engage in the recommended amounts of PA [20, 21]. However, it
remains unclear whether PwCF have different PA levels compared with healthy peers and whether PA
should be targeted in interventions in this population. Importantly, a healthy lifestyle starts to evolve in
early childhood, which highlights the need to explore the PA levels of children and adolescents with CF
as well.

In the development of interventions and the setup of studies aiming to improve PA, knowledge on the
influencing factors (i.e. correlates) of PA should be integrated. PA is a complex, multidimensional
behaviour, subject to multiple internal and external factors [22]. In the healthy population, a wide range of
PA correlates have been investigated, and the social–ecological model of health behaviour is used to
categorise these correlates as either intrapersonal (e.g. cognitions/emotions), interpersonal (e.g. family and
friends) or environmental factors (e.g. neighbourhood) [23]. Despite the excessive amount of research
conducted in the healthy population, this research field is still in its infancy in the CF population.

Taking into account the limited knowledge on the PA levels of PwCF and the associated correlates, the
main objective of this systematic literature review was twofold: 1) summarise the existing evidence on the
PA levels of PwCF compared to healthy peers, both in youths and adults separately; 2) identify general
and disease-specific correlates of PA in PwCF. Evidence gathered and summarised in this review could
inform the development of future interventions to target PA in the CF population.

Methods
This systematic review is conducted following the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines [24] and the protocol has been registered on PROSPERO (ID:
CRD42020219169).

Information sources and search strategy
A systematic search of the literature was conducted to identify relevant studies concerning PA in CF. Both
research questions were formulated using the patients–intervention–comparison–outcome (PICO) approach:
1) “How does the PA level (O) of PwCF (P) differ from healthy controls (C)?” and 2) “What are the
correlates of PA (O) in PwCF (P) and what is the strength of their association?”.

Based on these PICO questions, keywords were combined using Boolean operators to formulate the
following search strategy: (cystic fibrosis OR cystic fibrosis[MeSH Terms]) AND (phys* acti* OR
“physical inactivity” OR “physical activity level” OR “daily living activity” OR “activities of daily living”
OR physical activity[MeSH Terms] OR activities of daily living[MeSH Terms]) AND (Human). No
restriction on date, study design or presence of a control group was made in the search strategy. Three
electronic databases (i.e. PubMed, Web of Science and PsycArticles) were explored (last search 8 August
2021). Detailed information on the search strategy is provided in supplementary file E1.

Eligibility criteria and study selection
The references retrieved with the final search strategy were managed in an electronic library (i.e. EndNote
X9). After removing duplicates, the titles, abstracts and full texts were screened by two independent
reviewers. In both stages, any discrepancies were discussed or a third reviewer was asked to adjudicate.
Papers were included if: 1) all subjects, or a subgroup, were diagnosed with CF; 2) PA was assessed as an
outcome measure; 3) the paper included a control group of healthy individuals and/or reported correlates of
PA; 4) the article was written in Dutch or English; and 5) the full text was available. There was no age
restriction. Reviews, meta-analyses and animal studies were excluded. In addition, a manual search of the
reference lists of the included articles was performed.
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Data extraction
Data was extracted by two independent reviewers, using a pre-determined template. For the comparison
between patients and healthy peers, PA outcome measures, means, standard deviations, and p-values were
extracted. For the associations, the strength (R-value), if reported, and direction of the associations were
collected. Authors were contacted if insufficient detail was provided in the paper, and the paper was
excluded if no additional information could be delivered.

Risk of bias assessment
The risk of bias was assessed by two independent reviewers, using the Newcastle–Ottawa scale for
observational studies. All articles – both cohort and cross-sectional studies – were scored with the subscale
for cohorts. This eight-item checklist is subdivided into three domains: selection, comparability and
outcome. Next, a level of evidence was assigned to each study following the evidence-based guideline
development method. Each study was graded a level of evidence ranging from A1 up to D, depending on
evidence-based medicine domain, study design and individual methodological quality. Consequently, a
strength of conclusion (level 1–4) was assigned to the different outcome levels, based on the composition
of the respective levels of evidence and consistency of their results. Detailed information on the risk of
bias assessment can be found in supplementary file E1.

Data synthesis
An overview of the data extraction can be found in supplementary tables E2, E3 and E4. Results were split
according to the two research questions and age categories: children and adolescents (referred to as
youths), adults and mixed populations (i.e. no age restriction). The results of the first research question are
summarised in figure 2 and graphically presented in figures 3 and 4. The PA behaviour of the PwCF is
presented as a percentage of PA measured in the matched healthy population: (mean patient PA/mean
control PA)×100. Regarding the second research question, the strength of the association, based on the
reported R-value, was evaluated according to the following interpretation: poor 0.00–0.30, moderate 0.31–
0.60, moderately high 0.61–0.84 and high>0.85 [25]. The interpretation of the results was performed based
on the percentage of studies supporting an association with a model used in previous research as shown in
supplementary table E1 [26, 27]. A meta-analysis was not performed due to the heterogeneity of study
methodologies, such as the use of various PA outcome measures, i.e. step count, metabolic equivalent of
tasks (METs) and time spent in different PA intensity levels.

Results
Study selection and characteristics
Of the 5654 studies identified through the literature search, 94 references met the inclusion criteria based
on title and abstract. After evaluation of the full texts, 37 papers remained. Additionally, nine studies were
added after a hand-search, which led to a total of 46 included studies. Studies were dominantly excluded
from this review due to the following reasons: wrong population, outcome or study design, and language.
A full PRISMA flow diagram of the screening process is shown in figure 1.

Different study designs were included: 33 cross-sectional studies of which 17 used a healthy control group,
10 longitudinal studies and three intervention studies. Of the 46 identified studies, 37% (n=17) included
only children and adolescents, 35% (n=16) only adults and 28% (n=13) recruited a mixed population (i.e.
a combination of children, adolescents and adults). 16 papers were included to answer the first research
question (sample size ranging from 31 to 302 participants, with an average of 55% male participants),
whereas 43 papers were included to answer the second research question (sample size ranging from 14 to
212, with an average of 49% male participants).

The methods used to measure PA varied throughout the studies, with 21 studies (46%) using objective
measurements such as accelerometers (n=19) or pedometers (n=2), and 18 studies (39%) using subjective
methods such as questionnaires (n=16) and interviews (n=2). In seven studies (15%), a combination of
both objective and subjective measurement methods was used.

Risk of bias
The most common positively scored item was item 1 (“representativeness of the exposed cohort”) and the
most common negatively scored question was item 6 (“assessment of outcome”). In summary, for the first
research question, 13 studies obtained a level of evidence B, and three a level of evidence C. For the
second research question, two studies obtained a level of evidence A2, seven obtained a level of evidence
B and 21 a level of evidence C. Results of risk of bias assessment are provided in supplementary tables E5
and E6.
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PA of PwCF compared to healthy peers
The main findings are summarised in figure 2 and graphically presented in figures 3 and 4. For detailed
information, see supplementary table E3.

Total PA
Overall, nine papers reported on the total amount of PA (i.e. min·day−1, h·week−1, steps per day) of PwCF
compared to healthy peers [28–36]. In youths, one study reported significantly higher total PA in CF based
on accelerometry (363 versus 280 min·day−1) [31]. No significant differences were found in the remaining
studies (strength of conclusion: bias assessment level 2) [28–30, 32, 35]. In adults, one study described
significantly lower self-reported PA compared to the control group (30.6 versus 53.2 h·week−1) [29]. No
significant differences were found in the other studies [33, 34, 36]. Regarding daily steps in adults,
no significant differences were reported (strength of conclusion: bias assessment level 2) [33, 34, 36].

Total volume of PA, often expressed in METs, is the sum of all performed activities with their
representing MET value accumulated over a specific period of time e.g. MET hours per week
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(MET h·week−1). This was reported in five papers [28, 32, 35, 37, 38]. In youths, one study subjectively
investigated total MET h·week−1 and reported significantly lower activity in CF compared to healthy peers
(31.4 versus 52.0 MET h·week−1), whereas the remaining studies described no significant difference (strength
of conclusion: bias assessment level 2) [28, 32, 35]. In adults, one study reported significantly lower
MET minutes per week (MET min·week−1) for the patient group (5307 versus 7808 MET min·week−1)
(strength of conclusion: bias assessment level 3) [38]. In a mixed population, one study showed that
significantly fewer patients were categorised in the highest tertile of PA based on the International Physical
Activity Questionnaire (no patients with CF versus six healthy controls) (strength of conclusion: bias
assessment level 3) [37].

Intensity based PA

Total amount of PA
(min·week−1; h·day−1; steps per day)

Average daily METs

Total volume of PA 
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1/1 (100)

1/3 (33)
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1/6 (17)

0/1 (0)
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0/1 (0)
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4/11 (36)

0/2 (0)
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2/7 (29)

PA outcome Significant difference
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No differencePopulation Summary

n/N (%)
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FIGURE 2 Difference in physical activity (PA) between people with cystic fibrosis (PwCF) and healthy controls.
The classification of the results was performed based on the percentage of studies supporting a difference,
with the following division: 0–33, no difference; 34–59, trend for a difference; 60-100, significant difference.
Yellow shading: lower for PwCF; orange shading: no difference; grey shading: trend for a difference; no shading:
no evidence. Plain citation text: subjective PA measurement; bold citation text: objective PA measurement;
underlined citation text: combination of subjective and objective PA measurement. LPA: light physical activity;
MET: metabolic equivalent of task; MPA: moderate physical activity; MVPA: moderate-to-vigorous physical
activity; n: number of studies that report a significant difference; N: number of studies that have investigated
and reported on possible differences; NE: no evidence; VPA: vigorous physical activity.
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Intensity-based outcome measures of PA
One study reported objectively measured average METs per minute as an indication of the global
performed PA intensity per day, but found no significant difference between PwCF and healthy peers (1.77
versus 1.66 METs) (strength of conclusion: bias assessment level 3) [33]. Other intensity measures report
time above a given intensity threshold, ranging from LPA to VPA.

LPA
10 studies investigated LPA [30, 31, 33–36, 38–41]. The evidence on LPA in youths was inconclusive as
three studies reported no significant difference, two studies reported significantly higher objectively
measured LPA levels (319 versus 226 min·day−1; not reported in [30]), and one study described
significantly lower LPA levels (111.5 versus 132.1 min·day−1) (strength of conclusion: bias assessment
level 3) [30, 31, 35, 39–41]. In adults, no significant difference was found for objectively measured LPA
[33, 36]. In contrast, results on self-reported LPA levels are inconsistent, as one study reported
non-significant differences and one study reported significantly lower MET min·week−1 of LPA for CF
(1278 versus 2394 MET min·week−1) (strength of conclusion: bias assessment level 3) [34, 38].

MPA, VPA and MVPA
Seven studies investigated time in MPA (min·day−1, min·week−1, h·day−1) [30, 33–36, 38, 41]. In youths,
no significant difference in MPA was found (strength of conclusion: bias assessment level 2) [30, 35, 41].
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In adults, only one study reported significantly lower objectively measured MPA levels in CF (14.8 versus
34.5 min·day−1) (strength of conclusion: bias assessment level 2) [33, 34, 36, 38].

Seven studies reported time in MVPA [30, 31, 33, 34, 39–41]. In youths, two studies reported significantly
lower MVPA levels for CF (44 versus 54 min·day−1; 9.6 versus 17.1 min·day−1) (strength of conclusion:
bias assessment level 2) [30, 31, 39–41]. In adults, no significant differences were found (strength of
conclusion: bias assessment level 2) [33, 34].

11 studies reported time in VPA [30–36, 38, 41–43]. In youths, the evidence on VPA is inconclusive with
four studies reporting no significant difference and three studies, two using accelerometers and one using a
questionnaire, reporting significantly lower VPA levels (9 versus 17 min·day−1; not reported in [43]; 2
versus 3.7 h·week−1) (strength of conclusion: bias assessment level 3) [30–32, 35, 41–43]. In adults, three
studies reported no significant differences, whereas one study using SenseWear found significantly lower
VPA levels for CF (not reported) (strength of conclusion: bias assessment level 2) [33, 34, 36, 38]. In a
mixed population no significant difference was found (strength of conclusion: bias assessment level 3) [43].

Correlates of PA
Correlates of PA were categorised into general and disease-specific. The most frequently studied general
correlates were sex (n=19), anthropometric parameters (n=8) and age (n=5). The most frequently studied
disease-specific correlates were lung function (n=15), exercise tolerance (n=11), and the influence of acute
pulmonary exacerbations (n=5) on PA. Detailed information is provided in figure 5 and supplementary table E4.

General correlates
Overall, evidence on the association between sex and PA is inconsistent, with 11 studies showing higher
PA levels in males and eight studies reporting no significant differences (strength of conclusion: bias
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FIGURE 4 Physical activity (PA) in youths with cystic fibrosis versus healthy controls. Data are expressed as a percentage of PA measured in the
matched healthy population. Full bar: subjectively measured PA; open bar: objectively measured PA. Outcomes are grouped based on the concept
of PA that has been measured and the following colour code is used: blue, total amount of PA; yellow, light PA; orange, moderate PA; red, vigorous
PA; purple, moderate-to-vigorous PA. MET: metabolic equivalents of tasks; LPA: light physical activity; MPA: moderate physical activity; MVPA:
moderate-to-vigorous physical activity; (V)VPA: (very) vigorous physical activity; VIG: vigorous; Q: questionnaire; #: significant.
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FIGURE 5 Correlates of physical activity (PA) in people with cystic fibrosis (PwCF). When four or more studies supported an association or no
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assessment level 3) [33, 35, 38, 41–56]. Furthermore, inconsistent associations were found for age and
anthropometric parameters (strength of conclusion: bias assessment level 3) [32, 38, 42–44, 47, 52, 53,
56–58]. Concerning the association between weekday or weekend day and PA, evidence indicates higher
PA levels during weekend days (strength of conclusion: bias assessment level 2) [30, 34, 59]. In general,
evidence suggests a positive association between QoL and PA, although this was only the case in adult
and mixed populations [46, 49, 60]. Higher QoL scores were associated with higher objectively and
subjectively measured PA levels, although the strength of the associations were weak or not reported
(strength of conclusion: bias assessment level 3) [46, 49].

Disease-specific correlates
A consistent positive association was found between lung function (i.e. forced expiratory volume in 1 s,
FEV1) and PA in all age groups, regardless of the PA measuring method (strength of conclusion: bias
assessment level 2) [30, 32, 36, 38, 43, 44, 46, 47, 51–53, 56, 57, 61, 62]. A consistent positive
association was found between (maximal) exercise capacity and PA in adult and mixed populations
(strength of conclusion: bias assessment level 2) [31–34, 36, 53, 54, 63–66]. During an acute pulmonary
exacerbation, all studies demonstrated decreased PA levels, which is reflected in lower total PA, MPA and
step count in both adult and mixed populations (strength of conclusion: bias assessment level 2) [47, 52,
55, 58, 62]. Furthermore, PA was associated with bone mineral density (BMD) in mixed populations
(strength of conclusion: bias assessment level 3) [29, 50, 66, 67]. Similarly, positive associations were
reported between PA and quadriceps (Qc) force in adults; however, results were influenced by the muscle
force measuring method and the patient’s clinical condition [36, 55, 58]. PA was positively associated with
maximal voluntary contraction, although only in stable adult patients, whereas Qc twitch force was found
to be positively associated with PA in adults during acute pulmonary exacerbation (strength of conclusion:
bias assessment level 2) [55]. Furthermore, no associations were found between PA and pancreatic
insufficiency, the occurrence of Pseudomonas infection or allergic bronchopulmonary asperillosis (strength
of conclusion: bias assessment level 2) [43, 53, 57].

Discussion
The present review aimed to summarise the existing evidence on the difference in PA between both youths
and adults with CF and healthy peers, and to identify general and disease-specific correlates of PA in
PwCF. The main findings were that PwCF engage in similar total and LPA levels compared to healthy
peers. Time in M(V)PA tended to be lower, although only in youths with CF. Regarding the second
research question, PA is positively associated with QoL, lung function, (maximal) exercise capacity, BMD
and Qc force. Furthermore, PA levels were lower on weekdays compared to weekend days and lower when
experiencing pulmonary exacerbations. Evidence on the association with sex and anthropometric
parameters is indeterminate. These results should be interpreted with caution as the overall methodological
quality of the studies was low.

Despite the evidence that PwCF engage in similar total and LPA levels as their healthy peers, some trends
towards less time in the higher intensity spectrum of PA are seen, although only in youths with CF.
It could be possible that youths with CF compensate for less time in higher intensity by spending more time
doing light physically active activities, resulting in a total PA that is comparable to the healthy population. It
seems plausible to explain this decrease by a greater reliance on anaerobic metabolisms when performing
activities due to a reduced aerobic fitness. This results in greater lactate and carbon dioxide production
which in turn stresses the ventilatory system. The discomfort associated with increased ventilation and
lactate production could discourage patients to engage in more high intense activities [32]. Indeed, some
studies indicate that youths with CF are already characterized by a decreased aerobic fitness compared to
healthy peers [31]. This hypothesis is also supported by a comparable early decline in MVPA in pre-clinical
patients with chronic obstructive disease [68]. However, it cannot be corroborated by the limited existing
evidence of only four studies on MVPA levels in adults with CF, as only one reported significantly lower
levels for the CF population, based on accelerometry [36]. The remaining studies collected PA data by
self-report or had limited sample sizes [33, 34, 38]. More research is needed to unravel this.

Importantly, regardless of the size of this difference in M(V)PA, a vast majority of both groups do not
meet the daily PA recommendation of 60 min MVPA [19]. Consequently, important health benefits are

expiratory volume in 1 s; FFMI: fat-free mass index; Max.: maximal; NA: not available; NE: no evidence; PI: pancreatic insufficiency; Qc: quadriceps;
QoL: quality of life. #n: number of studies that report a significant association; N: number of studies that have investigated and reported on
possible associations. ¶: shows the direction of the individual/summary association. +: during exacerbation. §: only in females.
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missed. Studies on both the healthy population and other populations with respiratory diseases showed that
extended periods of reduced M(V)PA result in earlier onset of obesity and adult non-communicable
diseases such as cardiovascular and metabolic disease [15, 69, 70]. Over the last decades, newborn
screening, nutritional therapy, pancreatic enzymes and an organised CF care have improved the nutritional
status of PwCF. However, being overweight and obesity are growing concerns that enhance the need for
individual medical interferences [71]. The recent progression in pharmacological therapy in PwCF has led
to the development of CF transmembrane conductance regulator (CFTR) modulators. Up to 80% of PwCF
are eligible for CFTR modulator therapy. These modulators improve lung function, resulting in fewer
pulmonary exacerbations, and might improve pancreas function if instituted early in the disease course
[72]. Studies indicated a 15% increase in FEV1 for the newest CFTR modulator therapy, referred to as
triple therapy. Regarding the (positive) influence of CFTR modulators on exercise capacity, the current
evidence is limited and not yet well understood [73]. The positive impact of these modulators, combined
with a lack of specialist support or changes in PwCF’s usual high calorie diet, may lead to an increasing
incidence of being overweight and obesity in PwCF [74]. The consequences of both the lack of sufficient
MVPA and the implementation of the CFTR modulators stresses the importance of PA promotion in
PwCF. PA plays an important role in the prevention of being overweight and obesity in youths, and it
reduces the risk of an unhealthy weight status in adulthood [75–77]. However, the content of the PA
interventions may need to be adapted to the modified clinical presentation of PwCF that are under CFTR
modulator therapy. These new modulators will provide patients with the optimal physiological possibility
to perform (more) PA and might render therapies less time-consuming. Despite these positive changes,
PwCF are often not used to being regularly active. Therefore, their attitude towards a more physically
active lifestyle will need to be tackled in these PA interventions. Importantly, 80% of PwCF are eligible
for these modulators, meaning that 20% are left with their current (pharmacological) therapy. This
knowledge may stimulate researchers and clinical practitioners to develop PA interventions that are
personally tailored to the clinical presentation of the patient, incorporate a behavioural aspect towards an
active lifestyle and start in early childhood to enhance the carry-over effect into adulthood.

To shape these interventions, deeper insight is needed into the correlates of PA in PwCF. The present
review aimed to uncover the existing associations. Notably, no interpretation of the cause or effect of these
associations can be made based on the cross-sectional design of most studies. Currently, the evidence
(although limited) suggests a positive association between perceived QoL and PA in PwCF. This is not
surprising because QoL is a multilayer concept that includes both mental and physical domains, and thus
reflects the general well-being of a patient. PwCF often report their QoL as low [78]. Based on the
possible link between QoL and PA, interventions dominantly targeting one of these outcomes may also
positively influence the other. Furthermore, this review showed an inconsistency in results regarding the
association between sex and PA in all age categories. This would suggest that future PA interventions
should not differentiate between sexes. However, the healthy population shows a sex gap in PA decline
during adolescence, with a greater decrease of PA in boys compared to girls [79, 80]. This trend may also
be present in PwCF. Furthermore, no recommendations can be formulated on the optimal time period to
implement PA interventions (i.e. weekday or weekend), as the evidence is indeterminate and of low
methodological quality [34, 59]. More studies are necessary to establish the optimal period to implement
PA interventions and to determine whether these should be sex-specific.

As one might expect, lower lung function is a sign of disease progression and is associated with less
M(V)PA in CF. This finding is in agreement with the existing literature in other populations with chronic
respiratory diseases [81]. To compensate the increased dead space, patients increase their minute
ventilation, which may result in a greater sensation of breathlessness or discomfort, preventing patients
from performing high-intensity activities [82, 83]. In addition, reduced lung function is a known risk factor
for pulmonary exacerbation, that in turn has an impact on PA [84]. Pulmonary exacerbation induces a
decrease in PA; however, the reversed association may not be excluded, with higher PA levels resulting in
fewer pulmonary exacerbations. Several studies included in this systematic review conducted a 1-month
follow-up of adults with CF during an acute pulmonary exacerbation and a stable control group and
showed a significant decrease in PA in the exacerbation group [47, 55, 58, 62]. The decreased PA level
recovers 1 month after exacerbation, although not to values complying with PA guidelines. The temporary
drop in PA, together with the inflammation during exacerbation, results in a decline of general muscle
force. However, the general muscle force of PwCF is already lower compared to healthy peers due to
disease-specific abnormalities [36, 85]. Consequently, this deterioration may lead to more inactivity on the
long term [86]. Studies exploring the relation between PA and muscle force showed a moderate
association, suggesting that interventions targeting PA could not only focus on PA itself but may also
incorporate muscle strengthening exercises. Nevertheless, more longitudinal research is needed to
determine the directionality and strength of this association.
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The association between (sub)maximal exercise capacity and PA is unambiguous, with only two studies
reporting nonsignificant results [44, 53]. Both studies used questionnaires to estimate PA levels and were
conducted in youths with a mean age of 12 years. A possible explanation is that the impact of the disease
is still limited and may not have caused as much exercise intolerance yet. However, the study by AZNAR

et al. [31] included the same age category and found a positive association between peak oxygen uptake
and objectively measured PA. Due to the cross-sectional character of the existing evidence, no assumptions
can be made on the causality of this relationship, and, thus, no specific recommendations can be made on
whether researchers should specifically focus on exercise capacity to enhance PA in PwCF. However, the
association between both health outcomes is clear, and there is a tentative assumption that a certain
exercise capacity is needed to give patients the possibility to perform PA at all intensities [87, 88].

Summarising the evidence and making comparisons between the existing studies is challenging because
both subjective and objective PA measurement methods were used. Therefore, results from this systematic
review should be interpreted with caution. Subjective methods such as questionnaires are quick, easy to
use and have a low cost, but are associated with difficulties including errors in subject recall (especially for
children), information provided by proxies and overestimation of PA to achieve social desirability [54, 61,
89, 90]. For this purpose, incorporating objective measures of PA should continue to be a priority in PA
research. Recently, accelerometers were proven to be valid monitors to measure PA in patients with other
chronic respiratory diseases [91]. Furthermore, when using objective measurement methods in research,
there is a great variability in the reported PA outcomes and the methodology (e.g. monitoring time,
number of valid days) [92]. There is evidence that a minimum of 7-day monitoring is needed to provide a
reliable estimate of usual PA behaviour in youths, yet several studies only used 3–5 days of PA monitoring
[93]. Additionally, extensive research has been conducted in the healthy population to develop cut-points
to estimate intensities of PA based on counts per minute. Unfortunately, in the CF population, no specific
guidelines on the use of these cut-points exist, resulting in a wide variability of cut-points used in CF
research [94]. To tackle this issue, research with accelerometers is gradually transferring to the use of raw
data instead of cut-points. However, more work is needed to address the challenges of comprehensive and
consistent collecting, reporting and analysing of PA data in this patient population.

The results of the present review indicate the shortcomings of the existing evidence, which should inspire
future research. PA should be studied as a primary outcome in larger high-quality, especially longitudinal,
studies to provide more in-depth insight into the PA level and its correlates in PwCF. Importantly, some
correlates of PA, known in the healthy population, are not yet investigated in this clinical population. For
example, various behavioural factors (e.g. attitudes towards PA, self-efficacy and perceptions of PA) and
the influence of “parental support” and “green space” remain unclear. These correlates could form
excellent target points in interventions aiming to stimulate PA in PwCF.

Some limitations of this systematic review need to be acknowledged. First, only papers published in
English were included. Second, the non-standardised reporting of PA outcome measures prevented the
conductance of a meta-analysis. Third, a vast majority of the studies were not specifically designed to
investigate PA levels, often reporting PA as a secondary outcome measure, making the interpretation of the
significance of findings difficult. Strengths of the present systematic review include the broad search
strategy to ensure all existing evidence was collected. A systematic review on the correlates of PA for the
total CF population has not yet been published. Both significant and nonsignificant results were reported,
which allows a comprehensive evaluation of the consistency and strength of the associations described.

Points for clinical practice and/or questions for future research

• Is the PA intensity of PwCF different from healthy control populations, based on objective measurements?
• Which modifiable intrapersonal factors determine PA levels of PwCF and are these different from those in a

healthy population?
• Do CFTR modulator therapy influence the PA levels of PwCF?

Conclusion
In general, the CF population is as active as their healthy peers. However, in youths with CF, some
tendencies towards less intense activities were found. Regarding the correlates of PA, positive associations
were found with QoL, lung function, (maximal) exercise capacity, BMD and Qc force. Furthermore, PA
was lower on weekdays compared to weekend days and lower when experiencing pulmonary exacerbations.
Notably, the methodological quality of the included studies was limited, particularly missing objectively
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measured PA data and longitudinal studies. This restricted the possibility to draw firm conclusions. Future
research should focus on further unravelling the associations between PA and its influencing factors, as
this knowledge is crucial in the development and implementation process of interventions aiming to
stimulate PwCF to be more active (e.g. duration, content and modalities). This will be increasingly
important to prevent obesity and its associated health risks in a growing population of PwCF on highly
effective CFTR modulator therapy.
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